In recent years the use of videogame technology has increased within the domain of health, in particular to facilitate rehabilitation following a stroke or fall. This review presents an overview of how videogame technologies can be used to address health issues contributing to reduced independence in older adults. Four themes were identified: (1) hardware, (2) software, (3) health issues addressed using videogames, and (4) clinicians' perspectives. Several recommendations have been proposed to build upon the use and integration of videogame technology into rehabilitation and training for older adults. In particular, the use of videogames for health requires an appropriate game classification system for development of games that are appropriate for the physical, cognitive, and social requirements of older adults or those living with a disability.
Introduction
T he rise in the number of older adults in society has created a growing need for innovative approaches to deliver healthcare services. In addition, older adults desire to remain living independently in their own home; therefore delivery of healthcare services needs to be community-based and where possible, utilize technologies that can fit into the everyday lives of older people. 1, 2 Continued successful independent living is a high priority for older people and those who work with and for them. 3 In remote and rural communities the distance, inconvenience, and expense of travel often make routine assessment of health very difficult. There is therefore a pressing need to develop automated or semiautomated measures of health status that can be gathered from peoples' home environments, especially for those living in regional, rural, or remote areas.
Daily, weekly, or monthly home-based monitoring of health provides the ability to detect and act upon changes in these markers of health should they deviate significantly from an individual's history or accepted clinical models of good health. 4 Telehealth technology, which combines digital data acquisition, information and communication technologies, and the Internet to monitor health status in the home, is gaining attention as a promising strategy for acquiring accurate, reliable, and time-critical health marker data, 5 reducing healthcare costs, 6 empowering patients, and promoting disease self-management with resultant improved healthcare outcomes. 7 For individuals who may be isolated, either by distance in regional, rural, or remote Australia or by functional impairment following neurological damage or disease, broadband-enabled telehealth technologies will also be critical for researchers to fully understand the progression of disease course or the effectiveness of intervention strategies over the long term. 8 Although telehealth technologies can provide opportunities to significantly alleviate the burden of health care and facilitate continued independence, several barriers relating to the acceptance and use by older adults, their family, and clinical support networks include lack of awareness of available technologies, problems in use of technology among older adults, lack of financial incentive/capacity to use or invest in technology, lack of adequate training or support, lack of consensus on the value of the technology, cultural obstacles, and absence of adequate technology infrastructure. 9 To overcome these barriers it will be important for designers of telehealth technologies to work closely with older adults throughout the design and development process in order to learn how their preferences, attitudes, and capabilities relate to technology adoption and how products and services can be designed to promote their widespread and long-term use. 10, 11 In the following review we address how devices that connect to the television-namely, videogame consoles-can be leveraged as a telehealth technology. Videogames have already been proven to improve cognitive abilities of older adults, 12 displaying a feasible alternative to more traditional aerobic exercise modalities for middle-aged and older adults, 13 and can 1 be used to train stepping ability in older adults to reduce the risk of falls. 14 Of the many barriers to continued independence in older adults, injuries resulting from a fall or impairments acquired as a consequence of having a stroke are most predominant and are two issues most frequently addressed in the articles reviewed in the following review. The relevance of this review is timely; technology developments within the videogame sector are continually enhancing and pushing the boundaries to bring innovative and exciting modes of interaction to consumers. With this knowledge, maximizing the utility of such technologies into health services can offer alternative methods for delivery of rehabilitation and training services.
Methodology
This review involved a conventional systematic searching to identify the following points:
To summarize the existing evidence concerning the use of videogame technology in rehabilitation To identify any gaps in current research in order to suggest areas for further investigation To provide a series of recommendations for future implementation of videogame technology into rehabilitation and training Data synthesis methods were implemented and are presented in Tables 1-3 . Specifically, a comprehensive search of literature was undertaken using electronic databases (Medline/PubMed, PsycINFO), the Internet (Google/Google Scholar), and article reference lists. Search terms included ''videogames and fall prevention,'' ''videogames and stroke rehabilitation,'' ''virtual rehabilitation,'' ''virtual reality & rehabilitation,'' ''videogames & older adults,'' and ''independence via technology.'' Searching of articles was conducted on both university and personal networks offering varying access to articles pending educational institution subscription. The terms were searched as key words and mapped to database-specific subject headings. Each database was searched from January 2000 to its most recent update as of October 2011, for English language articles. Non-peerreviewed sources were not included in the search but were reviewed for suitable articles.
Data synthesis
To ensure scientific rigor, the Preferred Reporting of Systematic Reviews and Meta Analyses (PRISMA) guidelines were used for systematic data synthesis. 54 Using PRISMA was primarily for the methodological approach, following the recommended guidelines for inclusion/exclusion criteria, data collection process, and a summary of items and measures. These guidelines are widely recognized in transparent reporting of systematic evaluations of scientific research questions.
Data collection process
Collection of information included the study design, sample size, methods of effective measurements, and outcomes. Accepted articles included the inclusion criteria: videogame technologies, videogame and computer game consoles, stroke and fall prevention strategies, age, virtual rehabilitation, upper limb extremity, motor impairment, balance, and poststroke. Articles were selected on title and review of abstract to identify suitability for inclusion. Excluded articles included master theses, cost efficiency articles, reviews, newsletters, editorials, framework articles, non-peer-reviewed articles, studies using children/young adults as the sample, and studies implementing virtual reality (VR) technologies for ''other'' health impairments (Fig. 1) .
Data items and summary measures
The key outcomes of interest for this review included perspectives between older adults and videogame technologies from clinical studies, rehabilitation following stroke, fall prevention training, and software relating to rehabilitation.
Results
Through article review, four themes were identified: (1) hardware used, (2) software, (3) games used in rehabilitation and training, and (4) perspectives of game use by therapists. The themes were categorized from key word analysis and will be discussed in the subsequent sections.
Consumer-driven forces for new ways to interact with videogames have led to the development of sophisticated video capture and inertial sensing devices for measuring movement of the human body. Until recently, such technology could only be found in expensive and dedicated laboratories. As a consequence we identified that videogame rehabilitation and training devices fall into two categories (1) low-cost commercially available or home-based systems (Table 1A) and (2) high-end, dedicated laboratory-based equipment (Table 1B) . Table 1 presents studies that have utilized both commercial and purpose-built technology for rehabilitation. The population, sample size, age, duration, study design, intervention, and the outcome are given.
Theme 1: Hardware
(1) Commercially available. Game consoles devices such as the Nintendo Ò (Kyoto, Japan) WiiÔ, the Sony (Tokyo, Japan) PlayStation Ò EyeToy, and the Microsoft Ò (Redmond, WA) Xbox Kinect and associate peripherals are at a price point (approximately AUD $400) that it is possible to inexpensively deploy motion capture and feedback technologies directly into the homes of older adults for use in rehabilitation and training programs.
Nintendo Wii. The availability of the Nintendo Wii (released in 2005) coupled with the peripherals has enhanced game interaction for many users, and with the development of the Wii Balance Board the system has found widespread use in many aged care and rehabilitation facilities. Encompassing four sensors enables users to conduct a series of exercises and games based around health and fitness, also known as exergaming. 55 Exergaming within the home environment via the Wii offers a series of levels and exercises. Calculations such as body mass index, Wii Fit Age, and the tracking of program exercise can be sought.
Sony PlayStation. Sony released the EyeToy (in 1999), used on the PlayStation 2 console utilizing gesture movements for interaction with integrated software. The mode of intuitive interaction was more positive on the PlayStation 2 console than the Nintendo Wii. 56 Results suggest this technology has 144 MARSTON AND SMITH the potential use for telehabilitation in the future, but Rand et al. 32 have specified limitations in recording measurements of stroke patient performance that provide ''higher functioning'' exercises for individuals. 57 Altogether, four studies 23, 32, 34, 37 utilized the randomized control trial design using commercially available hardware for balance and stroke rehabilitation. Additionally, seven studies were conducted under the design of a pilot, 18, 20, 24, 28, 31, 33, 36 three were utilized as case studies, 16, 29, 30 five were experimental, two of which utilized the ABAB format, 17, 19, 22, 26, 38 and, finally, three reported evaluation studies. 14, 15, 39 Overall, the studies reported a positive enhancement; however, two studies reported participant preference for the PlayStation platform. 24, 31 In particular, participants preferred using the PlayStation EyeToy rather than the Nintendo Wii. 24 The mode of interaction differs between the Wii and PlayStation 2/3 consoles via multiple buttons pressing (PlayStation 2) (Fig. 2) or via the remote and motion sensing (Wii), accompanied by minor button pressing (Fig. 3) . A key facet of rehabilitation is repetition: The Wii facilitates wrist rehabilitation by specifically designing a program for this therapy, which may aid additional joint therapies such as elbow, shoulders, and knee. 57 Microsoft Xbox Kinect. Kinect for Xbox 360, or simply Kinect, is a ''controller-free gaming and entertainment experience'' by Microsoft for the Xbox 360 video game platform and will soon be supported by personal computers via Windows environments. Although the use of VR technology appears to be effective in laboratory or clinical-based settings, the equipment used is often expensive, requires expert users, and has a dedicated purpose. As with the interactive environments available on commercially available game consoles, VR platforms provide several unique advantages over conventional therapy in trying to achieve rehabilitation goals. First, VR systems provide ecologically valid scenarios that elicit naturalistic movement and behaviors in a safe environment that can be shaped and graded in accordance to the needs and level of ability of the patient engaging in therapy. Second, the realism of the virtual environments allows patients the opportunity to explore independently, increasing their sense of autonomy and independence in directing their own therapeutic experience. Third, the controllability of virtual environments allows for consistency in the way therapeutic protocols are delivered and performance is recorded, enabling an accurate comparison of a patient's performance over time. Finally, VR systems allow the introduction of ''gaming'' factors into any scenario to enhance motivation and increase user participation. [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] Three studies utilized the study design of randomized controlled trials, 43, 46, 50 four studies were conducted as pilots, 42, 44, 48, 49 one study implemented a prospective design, 45 one study reported utilizing an experimental design, 47 and, finally, two studies were reported as single-subject case studies. 40, 41 Overall, the results reported improvement from the participants utilizing high-end purpose-built equipment for stroke rehabilitation.
Theme 2: Software
The studies that use game consoles used commercially available health and fitness games like the Nintendo Wii ''Fit.'' Although the studies identified report successful indications of using off-the-shelf games, many of these games require a level of interaction not possible for people with functional impairments or who are older, and as such their applicability to rehabilitation and training may be limited. In particular, off-the-shelf games do not enable matching of game play to a patient's level of physical capacity, nor do they enable tracking of rehabilitation-specific information such as extend and range of upper limb movement. Three studies reported (Table 2 ) specifically designed games for rehabilitation and training.
14,51,52 These purpose-built games either have been specifically developed for implementation into a clinical setting or have been based upon preexisting games, such as ''Tetris,'' ''Dance Dance Revolution'' (DDR) (Konami, El Segundo, CA), or Wii ''Sports.'' Very few of the purpose-built games were developed based on input from end users (patients or older adults), their clinicians, or support networks. However, development of rehabilitation-specific games from participants' interests and hobbies could potentially increase engagement, motivation, and enjoyment of therapy (see Bongers and Smith 58 for a review). For example, Smith et al. 14 adapted the popular DDR game for use among adults q70 years old (a) incorporating age-appropriate music, (b) slowing down the drift speed and rate of appearance of the arrow symbols, and (c) reducing the visual complexity of the display screen. The purpose of this study was to establish and develop a series of characteristics for games with the primary goal of exercise. Results identified a positive outcome for the adapted DDR, identifying the varying intensity speed and step rate of arrows increased the difficulty. Overall the studies showed older adults were capable of interacting with what was initially a dance game, now albeit modified, still a dance game but what can be perceived as a form of exergame. This section describes the studies that have utilized current videogame technology for stroke and fall rehabilitation. A general overview will be presented; however, additional details are provided in Table 1 for each study.
Stroke rehabilitation. Seven studies reported using the EyeToy to identify the effect of videogame technology in stroke rehabilitation. 19, 24, 27, 31, 32, 37, 38 Results suggest this technology has the potential use for telehabilitation in the future but 31 specify limitations in recording measurements of patient performance and do offer ''higher functioning'' exercises for individuals. 56 The studies utilized standardized clinical assessments to measure changes in stroke. All studies included a small sample size ranging from one to 22 participants. Treatment intensity varied between studies, from one to 12 sessions a week, over a period of 2-20 weeks. Patient improvements were identified from the standardized clinical assessments, in addition to performance and interaction with the chosen software. 19, 24, 27, [31] [32] [33] 37 Four studies utilized the Wii console, reporting a mixed response to the technology. 27, 33, 34, 38 Overall, results showed a positive response with the exception of one, which concluded the subjects preferred the traditional forms of therapy rather than technology. 25 Fall prevention and balance training. Thirteen studies have focused upon the integration of videogame technology, in particular the adoption of the Nintendo Wii, Wii Fit, and Wii Balance Board peripherals. 15, 16, 18, 20, 22, 23, 25, 26, [28] [29] [30] 36, 39 Two studies focused on the dance mat and the DDR, 14, 35 which has been modified for the use with older adults. Videogame characteristics such as arrow drift speed and step rate play an important facet of DDR game play 14 ; however, the findings suggest older adults are able interact with videogames such as DDR. To validate the reliability of the DDR and dance mat as an assessment tool for fall prediction, standardized assessment tests were used to test whether the choice stepping reaction time is reliable in the detection of difference in fall risk. 35 Standardized clinical assessments were utilized to measure changes in balance. All the studies included a small sample size, ranging from one to 26 participants, with the exception of one study that had recruited 47 participants. 35 The treatment intensity varied among studies, from one to six sessions a week, over a period of 2-20 weeks. Improvements were shown throughout all studies from the standardized clinical assessments. 14, 16, 18, 22, 26, 28, 29, 30, 36 Overall, results displayed that patients improved during therapy sessions using videogame technology. The studies differ from one another, and the type of games chosen is simple and easy to play. Positive reinforcement demonstrates proficiency in playing, building upon motivation and confidence 40, 59 due to prior knowledge of the game or previous life experiences.
Theme 4: Videogames from the therapist's perspective
During the therapy sessions, clinicians have a responsibility to set up, motivate, and track the progress of patients. Using commercial videogames within this setting has shown several negative aspects reported by clinicians (Table 4) . Preparation time of sessions took considerable time out from session(s), and using VR technology did not enhance the amount of time available, in essence, time was taken away from the primary objective-therapy. More time was taken up with setting up of equipment and working through cut scenes and on-screen instructions, therefore, frustrating therapists, with no skip option. 59, 60 Therapists reported that little or no time was spent tracking a patient's progress via games over a period of time. Some games did provide information, but storage capacity was limited, leading to problems of data comparisons for 
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therapists. In addition, the value of data collected was not necessarily useful, providing no sufficient meaning to objectively assess and compare user progression, consequently leading to the difficulty of assessment. 6 Several perceived benefits were observed by care staff working in community and residential facilities throughout Queensland, Australia. 53 User benefits included (1) general mobility and physical activity, (2) persistence with therapeutic activity, (3) social interaction and social skill building, (4) self-esteem and confidence, (5) connection with former self, and (6) pacifying challenging benefits. However, difficulties were also observed with the videogame technology: (1) Operating the Wii remote, (2) frustration/inexperience with technology, and (3) fatigue and skin damage (too much play and overexertion). A series of recommendations were specified and categorized under client confidence and safety 53 as proposed suggestions to ease the use of unfamiliar technology within this setting (Table 3) .
Motor training requires precision, speed, and path directness toward specific targets. For cognitive training, hand-eye coordination, short concentration tasks, attention training, visual search, strategic planning, and problem solving were some of the attributes considered important. The values based on therapeutic work involved the engagement and motivation of the patient and the technology to support the assessment tools. This was perceived as an innovative and valuable for supporting performance and progress analysis.
Variations of exercises and patient engagement should be considered for cognitive training. 45 Three main areas propose purposeful activities for two categories (motor and cognitive training), how valuable is the equipment for therapy, and, finally, a series of design guidelines primarily targeting stroke/fall rehabilitation. Design guidelines specified that software content should be diverse, varying the levels of intensity, including speed, and incorporate multimodal performance and progress feedback, that instructions should be readable for all users, there should be the ability of leveled interaction schemas, and behavior to real world objects should be consistent. 45 
Discussion
Positive results show the use of off-the-shelf or specifically designed games and technology for rehabilitation can have an effective result in reducing physical and cognitive impairments within the community that are barriers to continuing and leading and independent life. Integrating commercially developed hardware and software that provides engaging and motivating stimulus for patients who are required to conduct repetitive movements is still in its infancy. A mixed response was presented for using the Wii and PlayStation for stroke rehabilitation, identifying that patients preferred to interact with the PlayStation, utilizing natural body movement, more so than the Wiimote. . Implementing a pause button or provide the option of a save button will enable the program to be saved or paused during interruptions so that it will not have to be started from the beginning. 49, 60 7. Implementing a skip button for cut scenes and/or instructions should reduce a lapse of time lost during sessions. Pausing and terminating games should be easily executed, offering flexibility to change level settings without having to restart. 60 8. Positive feedback should be implemented into all therapy sessions that integrate videogame technology. Feedback via a game will indicate the patient's progress and build up his or her self-confidence. 24 9. Applying unrealistic graphics, used through avatars and Webcams, adds a further sense of playfulness and fun to a health issue that is long and arduous. 60 10. Activities and a purpose are perceived as important elements to consider during design of software from a clinical perspective. Designers need to consider several elements within the assessment tools, to provide a staggered progression. Likewise, offering challenges within the ability of individuals to maintain motivation and engagement is important. Consideration of emotion, engagement, and motivation from the patient's perspective, to complete the exercises, is seen as a valuable tool. 45 11. Real-time therapy sessions would enable assessment of therapy within the respective environments. Recording, uploading, and storage of progression onto a database would allow ease of access, more frequently enabling clinicians to review and discuss with patients their exercises and how their therapy is progressing. Opportunities would allow the session to be conducted in the respective environments; this would be ideal for countries such as Australia in which a whole day may be required for traveling for a 30-minute check-up. 12. Initializing a longitudinal study would provide a greater awareness to the benefits of videogame technology use within rehabilitation over a minimum period of 1 year and longer to assess the effective use of this technology on a long-term basis. Larger sample sizes would be considered to gain a fuller understanding of its effective use. 13. A national or worldwide classification scheme should be implemented to categorize the suitability of games for rehabilitation. Consultation with key factions (game industry, health practitioners, patients, and academics) would be necessary to establish a single coherent system that would offer and promote advice to support networks and patients but in particular clinicians wishing to introduce games into the rehabilitation sessions.
FALL AND STROKE REHABILITATION TECHNOLOGIES
The games used in the studies were either off-the-shelf or high-end laboratory-based technology. Initially, the off-theshelf games were not intended for use in rehabilitation, and those studies that developed their own games did not stipulate how the game concepts were chosen. Currently, there are no specific games designed for stroke and balance rehabilitation, although it is suggested that adaptation and creating games specifically for this purpose could be beneficial.
It is difficult to say exactly what concept of games should be developed, but they do need to include important elements such as balance, strength, and repetitive movements. It is suggested that game concepts should include the individual patient's interests, with a series of focus groups conducted to encompass a wide variety of patients undergoing rehabilitation. The objective is to build and enhance patient motivation and engagement with this relatively new medium. Integrating this idea would involve actively involving users to create concepts based upon their interests and hobbies, implementing a similar method devised by Marston. 61 This would subsequent enhancing one's own motivation and engagement of playing games and improve one's health within both clinical and home environments. 22, 40, 55, 61 Integrating conventional therapy rehabilitation in conjunction with videogame technology has demonstrated a positive therapy tool for lower and upper extremities, 37, 38 enhancing support for interventions that have been implemented into clinical and home environments. A mixed response of using videogame technology in conjunction with conventional therapy was identified from patients who demonstrated further assistance was required (from the therapist/spouse) to operate the equipment during the session. Interaction with the PlayStation was perceived to be easier than the Wii, although some subjects did express that the menu selection was difficult on the PlayStation, causing frustration. 24, 31 Similarly, a positive identification has been demonstrated between videogame technologies and fall rehabilitation. Validating the DDR as an assessment tool for falls has demonstrated the dance mat to be reliable. The positive element of portability is an added advantage for clinicians wanting to use the DDR and dance mat, therefore enabling usage within many environments.
Recommendations for VR technology and rehabilitation
A proposal of recommendations for the use and integration of videogame technology into rehabilitation are offered to provide a more effective and substantial amalgamation of technology and physical therapy. Table 5 presents the proposed recommendations.
Many of the studies presented in Table 1 have been assessed within a clinical setting and with a small sample size. The proposed recommendations utilize larger sample sizes and offer the ability for rehabilitation to be undertaken in home and clinical settings. Tracking patient progress is important for reevaluating programs and to show improvement. At present, programs do not record data sufficiently for reviewing progress over time, and patients may need extra support from the therapist, relating to the correction of exercises. However, some of the recommendations will take longer than others to be implemented, for example, a longitudinal study and classification system. An ethnographic approach was undertaken to identify the type of genres older adults would want to play. 61 Through discourse and key word analysis, results reported a preference for the sports genre, along with puzzle and adventure. A fourth genre, ''other,'' was identified, suggesting, with the current availability of the Kinect console, that there is the potential to design broader games for rehabilitation. Initializing ethnographic studies lends itself to the possibility of identifying and recording the exact type of genres most suitable for rehabilitation.
Conclusions
In the view of commercial videogame technology for use within rehabilitation, the future direction is exciting. However, further work is needed to assess the validity of technology and exercise programs, as proposed in Table 5 . Implementing the continual development and enhancement of videogame technology has a positive outlook for a rapidly aging society. Integrating this technology into multiple environments has the provision to maintain one's own independence, while undertaking rehabilitation, and training is key to the cause of retaining independent living for as long as possible.
